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OPTICAL SHEET AND A LIGHT 
TRANSMISSION SCREEN USING THE SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to an optical sheet such as a 
lens sheet. a light diifusion panel and the like. which is used 
in an image display apparatus. and a light transmission 
screen using the same. 

A light transmission screen of a projection type TV 
receiver and a light diffusion panel of a liquid crystal display 
traditionally have an antire?ective ?lm disposed on the 
surface of a lens sheet and a panel used in these devices. 

In general. the material and thickness of the antire?ective 
?lm have been determined according to the light interfer 
ence theory. FIG. 10 illustrates the fundamental phenomena 
involved with an antire?ective ?lm according to the light 
interference theory. In FIG. 10. an antire?ective ?lm 106 is 
disposed on the surface of a plane substrate 107. The 
refractive indexes of the plane substrate 107. the antire?ec— 
tive ?lm 106 and the medium 105 at the light incident side. 
namely air. are de?ned as N2. N and N1. respectively. The 
re?ective light of the incident light 100 comprises the upper 
surface re?ected light 101 produced at the boundary plane 
between the air 105 and the antire?ective ?lm 106 and the 
lower surface re?ected light 102 produced at the boundary 
plane between the antire?ective ?lm 106 and the plane 
substrate 107. In order for the light intensity 103 of the upper 
surface re?ected light 101 to cancel completely the light 
intensity 104 of the lower surface reflected light 102. the 
light intensity 103 of the upper surface re?ected light needs 
to be equal to the light intensity 104 of the lower surface 
re?ected light. 

For that purpose. the ratios between the refractive indexes 
at each respective boundary plane have to be equal to each 
other. In other words. the relation expressed by (N1/N)=(N/ 
N2 has to be satis?ed. Since the refractory index of air (N1) 
is ‘1’. the following equation (1) is established: 

NAT. <1> 

This means that the refractory index of the antire?ective 
?lm 106 must satisfy the equation (1). 

Besides. some of the incident light 100 is re?ected at the 
upper surface as well as the lower surface of the antire?ec 
tive ?lm 106. and these re?ections take place in a medium 
which shows a lower refractory index than the refractory 
indexes of the neighboring media. Accordingly. in order for 
those two re?ective light rays to cancel each other by light 
interference. the relative shifting in position of these re?ec 
tive light rays should be made equal to 180°. More 
speci?cally. when the total phase di?erence between these 
two re?ective light rays corresponds to twice the ‘A wave 
length (namely 180"). the thickness (d) of the antire?ective 
?lm should satisfy an equation (2) as follows: 

where (7..) is the wavelength of light. 
Accordingly. the simplest antire?ective ?lm has a refrac 

tory index which is equal to the square root of the substrate’s 
re?'actory index N2. and also a ?lm thickness that is equal 
to l/(4N) of the wavelength of the light used. However, since 
there are no matm'ials that have refractory indexes corre 
sponding to the square root of the substrate’s refractory 
index. materials with refractory indexes closest to the above 
theoretical value are being used. 

(2), 

25 

35 

45 

50 

55 

65 

2 
A few prior an: examples of the antire?ective ?lms based 

on the foregoing light interference theory were proposed in 
the Published Unexamined Patent Application Nos. 265095! 
93. 289179193 and 289176/93. 

Published Unexamined Patent Application N o. 265095/93 
discloses that the thickness of an antire?ective ?lm disposed 
on the surface of a lens sheet is limited to a range of 125 nm 
to 150 nm. satisfying the foregoing equation (2). 

In addition. Published Unexamined Patent Application 
Nos. 289176/93 and 289179/93. disclose antire?ective ?lms 
with ?lm thicknesses. which satisfy the equation (2) derived 
from the light interference theory. are disposed on the 
surfaces of lens sheets. 

However. each respective Fresnel lens sheet or lenticular 
lens sheet that forms a light transmission screen includes a 
plurality of lenses. 

With a lenticular lens sheet covered by an antire?ective 
?lm of the ?lm thickness (7J4N) derived from the light 
inter-ference theory applicable to a plane surface. only the 
light hitting the center of the lenticular lens passes through 
the length that corresponds to the ?lm thickness derived 
from the light interference theory. The light and the light 
both passing through areas other than the center of the 
lenticular lens and travels oblique lengths that di?’er from the 
length which was derived from the light interference theory. 
As a result. the mount of the light passing through the ?lm 
thickness derived from the light interference theory tends to 
be extremely small. Therefore. a su?icient antire?ective 
e?ect can not be realized with a lens sheet covered by an 
antire?ective ?lm having a ?lm thickness determined 
according to the light interference theory. 

Also. where an antire?ective ?lm is disposed on the 
surface of the Fresnel lens sheet substrate comprising a 
plurality of Fresnel lenses. the vertically incident light 
passes through the antire?ective ?hn in an obliquedirection. 
and does not travel the length that is equivalent to the 
antire?ective ?lm thickness as derived from the light inter 
ference theory. In other words. a predominant part of the 
light passes through a length that di?ers from what was 
derived from the light interference theory. 

Accordingly. the equation (2). which applies to a planar 
plate with a ?at surface according to the light interference 
theory. does not hold true with a lenticular lens sheet and 
Fresnel lens sheet both comprised of a plurality of lenses. As 
a result. there has been a problem that a sul?cient antire 
?ection effect is not achieved. 
The object of the optical sheet as disclosed by the present 

invention is to provide a lens sheet. light diffusion panel and 
the like that have improved antire?ective e?’ects. 

SUMMARY OF THE INVENTION 

An optical sheet of the present invention comprises a 
sheet substrate with a plurality of projections and 
depressions. and an antire?ective ?lm disposed on the 
surface of the sheet substrate. The refractory index of the 
antire?ective ?lm is smaller than that of the sheet substrate. 
Further. the thickness of the antire?ective ?lm is different 
from (M411) derived by calculation from the light interfer 
ence theory. where (A) is the wavelength of light in the 
visible region (approximately from 400 nm to 700 nm) and 
(n) is the refractory index of the foregoing antire?ective 
film. The above structures make it possible to achieve a 
better antire?ective e?’ect when compared with an optical 
sheet comprising an antire?ective ?lm with a thickness 
derived from the light interference theory. As a result. the 
light transmissivity is much improved and re?ections of the 
ambient light are greatly reduced. 
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The sheet substrate with a plurality of projections and 
depressions can be used a lenticular lens substrate with a 
plurality of lenticular lenses. a Fresnel lens base material 
with a plurality of Fresnel lenses or a light di?’usion panel 
with a plurality of projections and depressions. 5 

It is possible for a light transmission screen to improve the 
screen brightness and reduce re?ections of the ambient light 
on the screen surface markedly on account of enhanced light 
transmissivity by having the light transmission screen com 
posed of the foregoing lenticular lens sheet. Fresnel lens 10 
sheet or light diffusion panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-sectional view of a portion of a lenticular 
lens sheet in an exemplary embodiment of the optical sheet 
of the present invention. 

FIG. 2 is a graph showing the relationships between the 
thickness and the measured re?ectance of an antire?ective 
?lm as used in an optical sheet of the present invention. 20 

FIG. 3 is a graph showing the relationships between the 
thickness and the re?ectance at a visible wavelength of 550 
nm for an antire?ective ?lm as used in an optical sheet of the 
present invention. 

FIG. 4 is a graph showing the theoretical re?ectance when 25 
antire?ectivc ?lms of various thickness’ are disposed on a 
planar plate with a ?at surface. 

FIG. 5 is a graph showing the measured re?ectance when 
antire?ective ?lms of various thicknesses are disposed on a 
planar plate with a ?at surface. 

30 

FIG. 6 is a cross-sectional view of a portion of a Fresnel 
lens sheet in an exemplary embodiment of the optical sheet 
of the present invention. 

FIG. 7A is a cross-sectional view of a portion of a light 35 
diffusion panel in another exemplary embodiment of the 
optical sheet of the present invention. 

FIG. 7B is a cross-sectional view of a portion of another 
light di?usion panel in an above exemplary embodiment of 
the optical sheet of the present invention. 40 

FIG. 7C is a cross-sectional view of a portion of still 
anothm‘ light di?'usion panel in an exemplary embodiment of 
the optical sheet of the present invention. 

FIG. 8 is a cross-sectional view of a portion of a light 45 

FIG. 9 is a cross-sectional view of a portion of another 
light transmission screen including an optical sheet of the 
present invention. 50 

FIG. 10 is a cross-sectional view of a portion of a structure 
including an antire?ective ?lm designed according to the 
conventional light inference theory disposed on the surface 
of a planar plate with a ?at surface. 

FIGS. 11-16 are each a cross-sectional view of a portion 55 
of a light transmission screen including an optical sheet in 
accordance with a further respective embodiment of the 
present invention. 

KEY TO REFERENCE NUTvIBERALS 60 

1 Vertically Incident Light 
2 Transmissive Light 
3 Re?ective Light 
4 Lenticular Lens 65 
5 Antire?ective Film 
6 Black Stripe 

4 
7 Lenticular Lens Sheet Substrate 

8 Lenticular Lens Sheet 
10 Vertically Incident Light 
11 Transrnissive Light 
21 Fresnel Lens Sheet 
22 Lenticular Lens Sheet Substrate 
23 Black Stripe 
24 Light Incident Side Lens 
25 Light Radiant Side Lens 
26 Fresnel Lens 
27 Antire?ective Film 
28 Incident Light from CRT 
29 Radiant Light 
30 Incident Light from Ambiance 
31 Re?ected Light of Ambient Light 
32 Re?ection of Incident Light from CRT 
33 Vertical Light 
35 Lenticular Lens Sheet 
51 Fresnel Lens Sheet Substrate 
52 Antire?ective Film 
53 Fresnel Lens 
55 Fresnel Lens Sheet 
60 Light Transmission Screen 
82 Light Diffusion Panel Substrate 
83 Antire?ective Film 
84 Light Diffusion Panel 
85 Surface with Projections and Depressions 
86 Incident Light 
87 Transmissive Light 
89 Light Diffusing Powder 
100 Vertically Incident Light 
101 Uppm' Surface Re?ection of Antire?ec?ve Film 
102 Lower Surface Re?ection of Antire?ective Film 
103 Light Intensity of Upper Surface Re?ection of Anti 

re?ective Film 
104 Light Intensity of Lower Surface Re?ection of Anti 

re?ective Film 
105 Medium at Incident Light Side (Usually Air) 
106 Antire?ective Film 
107 Planar Substrate with Flat Surface 
201 Fresnel Lens Sheet Substrate 
202 Antire?ective Film 
203 Fresnel Lens Sheet 
204 Lenticular Lens Sheet Substrate 
205 Anu're?ective Film 
206 Lenticular Lens Sheet 
207 Light Diffusion Panel Substrate 
208 Antire?ective Film 
209 Light Di?usion Panel 
211 Light Transmission Screen 
d Thickness of Antire?ective Film Determined by Light 

Interference Theory 
d1 Thickness of Antire?ective Film Determined Not by 

Light Interference Theory 
d2 Thickness of Antire?ective Filrn Determined Not by 

Light Interference Theory 
d3 Thickness of Antire?ective Film Determined Not by 

Light Interference Theory 
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d5 Thickness of Antire?ective Film Determined Not by 
Light Interference ‘Theory 

x0 Measured Re?ectance of Lenticular Lens Sheet 
x Measured Re?ectance of Lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.10 pm Thick 
x1 Measured Re?ectance of Lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.05 pm Thick 
x2 Measured Re?ections of Lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.07 pm Thick 
x3 Measured Re?ectance of Lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.125 pm Thick 
x4 Measured Re?ectance of lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.150 pm 
x5 Measured Re?ectance of Lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.210 pm Thick 
x6 Measured Re?ectance of lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.250 um Thick 
x7 Measured Re?ectance of [lenticular Lens Sheet Dis 

posed with Re?ective Film of 0.300 um ‘Thick 
y Antire?ective Effect Curve Showing Relationship 

between Film Thickness and Re?ectance at 550 nm. 
Center of Visible Wavelength 

F0 Theoretical Re?ectance of Flat Substrate of Acrylic 
Resin 

F Theoretical Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.1 
pm Thick Disposed on Substrate Surface 

F1 Theoretical Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.05 
pm Thick Disposed on Substrate Surface 

F2 Theoretical Re?ectance of Plate Composed of Acrylic 
Resin Made Plat Substrate and Re?edive Film of 0.07 
nm Thick Disposed on Substrate Surface 

F3 Theoretical Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.125 
pm Thick Disposed on Substrate Surface 

F4 Theoretical Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.150 
um Thick Disposed on Substrate Surface 

F5 Theoretical Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.210 
pm thick Disposed on Substrate Surface 

F6 Theoretical Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ecn've Film of 0.250 
pm Thick Disposed on Substrate Surface 

G0 Measured Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate 

G Measured Re?ectance of Plate Composed of Scrylic 
Resin Made Flat Substrate and Re?ective Film of 0.1 
pm Thick Disposed on Substrate Surface 

G1 Measured Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.05 
pm Thick Disposed on Substrate Surface 

G2 Measured Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.07 
pm Thick Disposed on Substrate Surface 

G3 Measured Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0. 125 
um Thick Disposed on Substrate Surface 

G4 Measured Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.150 
um Thick Disposed on Substrate Surface 

G5 Measured Re?ectance of Plate Composed of Acrylic 
Resin Made Flat Substrate and Re?ective Film of 0.210 
um Thick Disposed on Substrate Surface 
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G6 Measured Re?ectance of Plate Composed of Acrylic 

Resin Made Flat Substrate and Re?ective Film of 0.250 
um Thick Disposed on Substrate Surface 

DETAILED DESCRIPTION OF THE 
INVENTION 

Exemplary embodiments of an optical sheet of the present 
invention and a light transmission screen using the same will 
be explained with reference to the drawings. 

EXAMPLE 1 

FIG. 1 is a cross-sectional view of a portion of a lenticular 
lens sheet in an exemplary embodiment of the optical sheet 
of the present invention. In FIG. 1. a lenticular lens sheet 8 
is comprised of a lenticular lens sheet substrate 7 and an 
antire?ective ?lm 5 disposed on the lenticular lens sheet 
substrate 7. The lenticular lens sheet substrate 7 has a 
plurality of lenticular lenses 4 and ?at black stripes 6. The 
antire?ective ?lm 5 is formed on the lenticular lens sheet 
substrate 7 to a desirable thickness. The refractive index (n1) 
of the antire?ective ?lm 5 is made smaller than the refractive 
index of the material that constitutes the lenticular lens sheet 
substrate 7. The thickness of the antire?ective ?lm 5 is made 
to range from 1.2k)/(4n1) to (SM/(4a,). wherein (it) is the 
wavelength of light in the visible region (about 400 nm to 
700 am). 
As illustrated in FIG. 1. the vertically incident light 1 is 

split to transmissive light 2 and re?ective light 3 when an 
antire?ective ?lm 5 is formed on the surface of the lenticular 
lens 4. At this time. the re?ective light 3 is reduced greatly 
by a light interference effect caused by the refractive index 
of the antire?ective ?lm 5 being smaller than that of the 
lenticular lens sheet substrate 7. 

In the past. the optimal ?lm thickness of an antire?ective 
?lm due to the light inference e?’ect was considered to be the 
?lm thickness derived by calculation from the light inter 
ference theory applicable to a planar plate. that is l/(4n1). 

However. in the case of a lenticular lens sheet subsu'ate 7 
comprising a plurality of lenticular lenses 4. a ?lm thickness 
according to the light interference theory does not neces 
sarily provide the optimal ?lm thickness. 
The optimal ?lm thickness of a light re?ective ?lm as 

applied to a lenticular lens sheet 8 with a plurality of 
projections and recessions (i.e.. a plurality of lenses) formed 
on the surface thereof will be discussed below. 

In FIG. 1. when a light re?ective ?lm with a theoretical 
?lm thickness (it/(4n 1)) as derived from the light interfer 
ence theory is formed on the surface of a lenticular lens sheet 
substrate 7. only the light (A) incident on the center of the 
lenticular lens 4 out of the vertically incident light 1 and the 
light (E) incident on the ?at part of the black stripe 6 pass 
through the antire?ective ?lm 5 vertically. and the distance 
that the light passes in the light re?ective ?lm 5 is equal to 
the theoretical ?lm thickness ((1) derived from the light 
interference theory. On the other hand. the light (B) and the 
light (C) incident on the lenticular lens 4 at places other than 
the center thereof pass through the light re?ective ?lm 5 
obliquely. and the distance that each respective light passes 
through the re?ective ?lm 5 is not equal to the theoretical 
film thickness derived from the light interference theory. 

In other words. the light (B) travels the distance (d2) that 
is dilferent from the distance derived from the light inter 
ference theory. and the light (C) travels the distance (d1) that 
is different from the distance derived from the light inter 
ference theory. As a result. the maximum antire?ective etfect 
can not be achieved. 
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An antire?ective ?lm with a ?lm thickness. which is 
diiferent from that derived from the light interference theory. 
is disposed on the surface of a lens sheet substrate with a 
plurality of lenses by utilizing the optical sheet of the present 
invention. thereby achieving an excellent antire?ective 
effect. 
The optimal ?lm thickness for antire?ective ?lm realized 

by the optical sheet of the present invention will now be 
explained. 

FIG. 4 shows curves of theoretical re?ectance derived by 
calculation for light wavelengths within the visible region 
when antire?ective ?lms of various thicknesses are disposed 
on a planar plate with a ?at surface made of acrylic resin 
having a refractive index of 1.49. The thickness of the 
acrylic resin plate is about 1 mm. The antire?ective ?lm used 
is a polymeric material sold under the brand name CYTOP 
by Asahi Glass. The CYTOP brand antire?ective ?lm has a 
refractive index of 1.34. 

In FIG. 4. the re?ectance curve P0 of the planar plate of 
acrylic resin shows an almost ?at curve of about 3.9% over 
the visible wavelength region (400 nm to 700 nm). When the 
?lm thickness of the antr're?ective ?lm is changed to 0.05 
pm (F1). 0.07 pm (P2). 0.1 pm (F). 0.125 pm (F3). 0.15 pm 
(F4). 0.21 pm (F5) and 0.25 pm (F6). respectively, the 
theoretically calculated ?lm thickness of 0.1 pm (F) shows 
the smallest re?ectance over the entire range of the visible 
wavelength region. 

FIG. 5 shows the actual measured re?ectance of the 
sheets. wherein antire?ective ?lms with various ?lm thick 
nesses are disposed on a ?at surfaced planar plate made of 
acrylic resin. The acrylic resin plate is about 1 mm thick. 

In FIG. 5. the re?ectance curve (60) corresponds to the 
planar plate of acrylic resin. the re?ectance curve (G1) 
corresponds to the sheet disposed with a re?ective ?lm of 
0.05 pm thick. the re?ectance curve (G2) corresponds to the 
sheet disposed with a re?ective ?lm of 0.07 pm thick. the 
re?ectance curve (G3) corresponds to the sheet disposed 
with a re?ective ?lm of 0.125 pm thick. the relectanee curve 
(G4) corresponds to the sheet disposed with a re?ective ?lm 
of 0.15 pm thick. the re?ectance curve (G5) corresponds to 
the sheet disposed with a re?ective ?lm of 0.21 pm thick. 
and the re?ectance curve (G6) corresponds to the sheet 
disposed with a re?ective ?lm thickness of 0.25 pm thick. 
The theoretical ?lm thiclmess at 550 nm. the center of the 
visible wavelength region is h/(4n1). i.e.. 0.550-0-44-134: 
0.1026 nm. represented by the curve (F) in FIG. 4 and by the 
curve (G) in FIG. 5. 

However. in the case of a lenticular lens sheet with 
projections and depressions formed on the surface thereof to 
provide lenticular lenses. the optimal ?lm thickness does not 
agree with the theoretical ?lm thickness derived from the 
light interference theory. as explained before. FIG. 2 shows 
the measured re?ectance curves of the sheet. wherein anti 
re?ective ?lms of various thicknesses are disposed on the 
surface of a lenticular lens sheet substrate made of acrylic 
resin. for various wavelengths within the visible wavelength 
region. The thickness of the lenticular lens sheet substrate is 
about 1 mm. 

In FIG. 2. the re?ectance curve (x0) corresponds to the 
lenticular lens sheet substrate. the re?ectance curve (x1) 
corresponds to the sheet disposed with a re?ective ?lm of 
0.05 pm thick. the re?ectance curve (x2) corresponds to the 
sheet disposed with a re?ective ?lm of 0.07 pm thick. the 
re?ectance curve (x3) corresponds to the sheet disposed with 
a re?ective ?lm of 0.125 pm thick. the re?ectance curve (x4) 
corresponds to the sheet disposed with a re?ective ?lm of 
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0.15 um thick. the re?ectance curve (x5) corresponds to the 
sheet disposed with a re?ective ?lm of 0.21 urn thick. the 
re?ectance curve (x6) corresponds to the sheet disposed with 
a re?ective ?lm of 0.25 um thick and the re?ectance curve 
(x7) corresponds to the sheet disposed with a re?ective ?lm 
of 0.30 um thick. The re?ectance curve (it) corresponds to 
the sheet disposed with a re?ective ?lm of 0.10 urn thick that 
is the theoretical thickness at the center visible wavelength. 
550 nm. 

The following is taught from FIG. 2. 
The sheets disposed with antire?ective ?lms (x. x1 to x7) 

show lower re?ectance than the sheet disposed with no 
re?ective ?lm (x0). thus resulting in an excellent antire?ec 
tive elfect. As the thickness of the antire?ective ?lm 
increases. the re?ectance decreases. thus resulting in an 
excellent antire?ective effect. The sheets (x4. x5. x6. x7) 
disposed with antire?ective ?lms having more than a 0.15 
um thickness show reduced re?ectance. resulting in a par 
ticularly excellent antire?ective elfect. In the case of a sheet 
disposed with an antire?ective ?lm of more than a 0.15 um 
thickness. there is little di?erence in re?ectance with an 
increasing thickness of the antire?ective ?lm. 

It is learned ?'om the above features that a sheet disposed 
with an antire?ective ?lm. which has a ?lm thickness 
different from the one theoretically derived. shows an excel 
lent antire?eciive eifect. It is also learned that the sheets 
disposed with re?ective ?lms. which have thicknesses rang 
ing from about 1.2 to 5 times the optimal ?lm thickness 
derived from the light interference theory. show a particu 
larly excellent antire?ective eifect. 

FIG. 3 shows plots of re?ectance at 550 nm. the central 
wavelength of the visible wavelength region. for each 
respective re?ectance curve of FIG. 2. thereby obtaining an 
antire?ective characteristics curve (y). It is observed in FIG. 
3 that the re?ectance does not change much with the ?lm 
thickness increasing more than about 0.2 um. In other words. 
the re?ectance of lenticular lens sheets disposed with an 
antire?ective ?lm with about 0.2 um or more in thickness 
stays almost at a constant value. 

In addition. the results of measurements performed on 
lenticular lens sheets disposed with antire?ective ?lms of 
various thicknesses in terms of a variety of lens properties 
such as light collection characteristics. light diffusing 
characteristics. brightness irregularities. color uniformity. 
color changes or the like show that no deterioration in the 
foregoing lens properties were observed with the lenticular 
lens sheet disposed with antire?ective ?lms that do not 
exceed about 2 um in thickness. More speci?cally. the 
maximum thiclmess (about 2 um) of the antire?ective ?lm. 
wherein the antire?ective e?cect is most enhanced. is about 
20 times the ?lm thickness (0.1 urn) derived from the light 
interference theory. Moreover. when the production cost 
factor is taken into consideration. in addition to the forego 
ing discussions. a ?lm thickness of 0.5 um or less for an 
antire?ective ?lm is desirable. An antire?ective ?lm of more 
than 0.5 um thick inclusive causes the production cost 
involved to become excessively high. 
The foregoing test results show that the particularly 

desirable thickness for the antire?ective ?lm ranges from 
about 0.12 um to about 0.50 um. In other words. the 
particularly desirable thickness of the antire?ective ?lm 
ranges from (1.2K)l(4n1) to (SM/(4n!) 

With the optical sheet of the present invention. there are 
no particular restrictions imposed on the material used as the 
sheet substrate. and polycarbonate resin (refractory index of 
1.59) or a copolymer (refractory index of 1.53 to 1.57) of 
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acrylic resin and styrene resin may be used in addition to the 
acrylic resin described above. 
The material for an antire?ective ?lm is a medal having 

a refractory index smaller than that of the sheet substrate. A 
polymeric material is particularly desirable as the material 
for such antire?ective ?lms. There are no particular restric 
tions imposed on the polymeric material used for the anti 
re?ective ?lm except for having a refractory index smaller 
than that of the sheet substrate. and denatured am'ylic resin. 
denatured metacrylic resin. denatured polystyrene resin, 
denatured urethane resin. denatured epoxy resin and other 
denatured vinyl resin. may be used. With these lens sheets 
having the foregoing composition. the particularly desirable 
thickness of the antire?ective ?lms ranges from ( 1.21.)!(411 1) 
to (57L)/4n1). 

In the present example. there are no particular restrictions 
imposed on the thickness of the lenticular lens sheet 
substrate. and the thickness may range from about 0.3 mm 
to about 3 mm. for example. Also. a structure wherein an 
antire?ective ?lm is disposed on each respective surface of 
both sides of a lenticular lens sheet substrate is possible. and 
the same effect as the foregoing structure can be achieved. 

EXAMPLEZ 

Next. an explanation will be made of a Fresnel lens sheet 
as an exemplary embodiment of the optical sheet of the 
present invention. FIG. 6 is a cross-sectional view of a 
portion of the Fresnel lens sheet in an exemplary embodi 
ment of the optical sheet of the present invention. In FIG. 6. 
the Fresnel lens sheet 55 is comprised of a Fresnel sheet 
substrate 51 and an antire?ective film 52 disposed on the 
surface of the Fresnel lens sheet substrate 51. The Fresnel 
lens sheet substrate 51 has a plurality of Fresnel lenses 53. 
The thickness of the antire?ective ?lm 52 is (d). The 
refractive index (n2) of the foregoing antire?ective ?lm 52 
is smaller than the refractive index of the material that 
composes the Fresnel lens sheet substrate 51. The light 10 
vertically incident on the Fresnel lens sheet 55 passes 
through the antire?ective film 52 in an oblique direction 
against the surface thereof and further passes through the 
Fresnel lens sheet substrate 51 obliquely to become trans 
missive light 11. In other Words. the vertically incident light 
10 travels the length (d3) in a slanting direction through the 
antire?ective ?lm 52. 

Therefore. the thickness of the antire?ective ?lm 52 
prefetrably ranges ?'om (1.2L)/4n2) to (SM/(4%) with the 
Fresnel lens sheet for the same reasons as described above 
in Example 1. 

There are no particular restrictions imposed on the thick 
ness of the Fresnel lens sheet substrate in the present 
example. but a typical thickness range of about 0.5 mm to 5 
mm is used. A structure wherein the antire?ective ?h'n is 
disposed on each respective surface of the Fresnel lens sheet 
substrate is also possible. resulting in the same e?ect as the 
foregoing structure. 

EXAMPLE 3 

Next. an explanation will be made on a light diffusion 
panel as an exemplary embodiment of the optical sheet of 
the present invention. FIG. 7A is a cross-sectional view of a 
portion of the light diifusion panel in an exemplary embodi 
ment of the optical sheet of the present invention. In FIG. 
7A. the light di?usion panel substrate 84 is comprised of a 
light ditfusion panel substrate 82 and an antire?ective ?lm 
83 disposed on the surface of the light di?iusion panel 
substrate 82. The surface of the light diffusion panel sub 
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10 
strate 82 has minute projections 85 and depressions formed 
by means of sand blasting and chemical processing. The 
thickness of the antire?ective ?lm 83 is (d). 
The refractive index (n,) of the antire?ective ?lm 83 is 

smaller than the refractive index of the material that com 
poses the light di?’usion panel substrate 82. The light 86 
vertically incident on the light ditfusion panel 84 passes 
through the antire?ective film 83 in an oblique direction 
against the surface thereof and further passes through the 
light diffusion panel substrate 82 obliquely to become trans 
missive light 87. In other words. the vertically incident light 
86 travels the length (d5) in an oblique direction through the 
antire?ective ?lm 83. 

Therefore. the thickness of the antire?ective ?lm 83 
preferrably ranges from (1.27t)/4n3) to (57L)/(4n3) with the 
light diffusion panel for the same reasons as described in 
above Example 1. 

There are no particular restrictions imposed on the thick 
ness of the light di?iusion panel substrate in the present 
example. but a typical thickness range of about 1 mm to 5 
mm is used. 

Some alternative structures can be employed for the light 
diffusion panel 84 as described below. 
As illustrated in FIG. 7B. light di?’using powder 89 is 

disposed on the surface of the light diffusion panel substrate 
82. ‘The surface of the light diffusion panel material 82. after 
the disposition of the light diffusing powder 89. has projec 
tions and depressions according to the contour of the light 
di?’using powder 89. An antire?ective ?lm 83 is disposed on 
the foregoing surface having the projections and depres 
sions. 

As illustrated in FIG. 7C. a light di?usion panel substrate 
82 has light ditfusing powder 89 contained therein. Part of 
the light di?‘using powder 89 is exposed to the surface. 
thereby presenting projections and depressions on the sur 
face of the light diffusion panel substrate 82 according to the 
contour o the exposed light diifusing powder 89. An anti 
re?ective ?lm 83 is disposed on the surface of the foregoing 
projections and depressions. 

Further. in the present example it is possible to employ a 
structm'e. wherein the antire?ective ?lm is disposed on each 
respective surface of both sides of the light diffusion panel 
substrate. resulting in the same e?°ect as the foregoing 
structure. 

EXAMPLE 4 

Next. an explanation will be made of a light transmission 
screen using an optical sheet of the present invention. 

FIG. 8 is a cross-sectional view of a portion of an example 
of a light transmission screen using an optical sheet of the 
present invention. In FIG. 8. a light transmission screen 60 
is comprised of a lenticular lens sheet 35 and a Fresnel lens 
sheet 21 arranged on the light incident side of the lenticular 
lens sheet 35. The lenticular lens sheet 35 is comprised of a 
lenticular lens sheet substrate 22 and antire?ective ?lms 27 
disposed on both surfaces of the lenticular lens sheet sub 
strate 22. The lenticular lens sheet substrate 22 comprises a 
plurality of light incident side lenses 24. a plurality of light 
radiant side lenses 25 and a plurality of black stripes 23. The 
Fresnel lens sheet 21 comprises a plurality of Fresnel lenses 
26. The lenticular lens sheet substrate 22 and Fresnel lens 
sheet 21 are made of plastic materials such as acrylic resin 
and the like. The construction of the lenticular lens sheet 35 
is the same as that of the lenticular lens sheet described in 
Example 1. 
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The thickness of the antire?ective ?lm 27 is ranges from 

(1.2}\.)/4n1) to (SM/(4m). 
The material for the antire?ective ?lm is a polymeric 

material as described in Example 1. In the present example. 
a polymeric material sold under the brand name CYTOP was 
used as the material for the antire?ective ?lm and a dipping 
method was used to form the antire?ective ?lm. The thick 
ness of the antire?ective ?lm was adjusted to range from 
0.12 pm to 0.5 pm by controlling the concentration of the 
polymeric material and the speed of removing the substrate 
from the dipping bath. 

In the light transmission screen shown in FIG. 8. the 
incident light 28 from a CRT enters into the Fresnel lens 
sheet 21 and becomes vertical light 32 through the Fresnel 
lens 26. 
The vertical light 32 enters into the incident light side lens 

24 of the lenticular lens sheet 35 and focuses on the surface 
of the light radiant side lens 25. The focused radiant light 29 
is received at the eyes of a viewer. 
At this time. re?ected light 32 is produced on the surfaces 

of the light incident side lens 24 and light radiant side lens 
25 of the lenticular lens sheet 35. In order to reduce the 
foregoing re?ected light 32. an antire?ective ?lm 27 is 
disposed on the surfaces of the light incident side lens 24 and 
light radiant side lens 25 of the lenticular lens sheet substrate 
22 
As clearly observed in FIG. 3. while the re?ectance of the 

lenticular lens sheet substrate 22 is 4.5% at a visible wave 
length of 550 nm (see the point (x0) in FIG. 3). the 
re?ectance of an antire?ective ?lm formed to a thickness 
derived from the conventional light interference theory is 
3.6%. (See the point (x) in FIG. 3). 
The re?ectance in the present example is as low as 3.1%. 

(See (x5) of FIG. 3). In other words. the re?ectance char 
acteristics are improved by about 14% when compared with 
the prior art. thereby contributing to enhancement in light 
transmissivity. As a result. when incident light 28 from a 
CRT becomes radiant light 29. re?ectance is improved by 
about 14% and screen brightness is enhanced. 
When ambient light 30 is incident on the screen surface 

from the viewer’ s side. re?ective light 31 is produced. Since 
there is an antire?ective ?lm 27 in place, re?ection of the 
ambient light is reduced and the ambient light re?ectance is 
improved. In other words. the contrast between the radiant 
light 29 and the ambient light 30 has been improved by 14%. 
With the present example. it is also possible to employ a 

structure wherein an antire?ective ?lm of Example 2 is 
disposed on the surface of the Fresnel lens sheet 21 instead 
of the antire?ective ?lm 27 being disposed on the surface of 
the lenticular lens sheet substrate 22. In this case. a light 
transmission screen of higher light transmissivity is realized 

FIG. 11 is a cross-sectional view of a portion of a further 
example of a light transmission screen using an optical sheet 
of the present invention. FIG. 11 is similar to FIG. 8. 
however. instead of the an ' ?ective ?lm 27 being disposed 
on the surface of the lenticular lens sheet substrate 22. now 
antire?ective ?lm 27A is disposed on the surface of the 
Fresnel lens sheet 21. 

Although a structure wherein an antire?ective ?lm 27 was 
disposed on the surface of a lenn'cular lens sheet substrate 22 
has been explained in the present example. it is also possible 
to have an antire?ective ?lm disposed on the surface of a 
Fresnel lens sheet 21 as described in Example 2. A light 
transmission screen with an antire?ective ?lm thus disposed 
on each respective surface of lenticular lens sheet and 

10 

25 

35 

45 

50 

55 

65 

12 
Fresnel lens sheet can realize improved light transrnissivity 
and ambient light re?ectance. 

FIG. 12 is a cross-sectional view of a further example of 
a light transmission screen using an optical sheet of the 
present invention. FIG. 12 is similar to FIG. 8. however. 
instead of an antire?ective ?lm being disposed on only the 
surface of the lenticular lens sheet substrate. an additional 
antire?ective ?lm 27A is disposed on the Fresnel lens sheet. 

EXAMPLE 5 

Next. an explanation will be made of a light transmission 
screen using a lens sheet and a light di?‘usion panel which 
are exemplary embodiments of an optical sheet of the 
present invention. 

FIG. 9 is a cross-sectional view of a portion of a light 
transmission screen using an optical sheet of the present 
invention. 

In FIG. 9. a light transmission screen 211 is comprised of 
a lenticular lens sheet 206. a Fresnel lens sheet 203 arranged 
on the light incident side of the lenticular lens sheet 206 and 
a light diffusion panel 209 arranged on the light radiant side 
of the lenticular lens sheet 206. The lenticular lens sheet 206 
comprises a lenticular lens sheet substrate 204 and antire 
?ective films 205 disposed on both surfaces of the lenticular 
lens sheet substrate 204 as described in Example 1. 
The Fresnel lens sheet 203 is comprised of a Fresnel lens 

sheet substrate 201 and an antire?ective ?lm 202 disposed 
on the light radiant side surface of the Fresnel lens sheet 
substrate 201 as described in Example 2. The light ditfusion 
panel 209 is comprised of a light diffusion panel substrate 
207 and antire?ective ?lms 208 disposed on both surfaces of 
the light di?usion panel substrate 207 as described in 
Example 3. 

In the light transmission screen of the foregoing 
structures. light transmissivity is remarkably improved and 
ambient light re?ectance is greatly reduced. As a result, the 
screen brightness is much more enhanced and the ambient 
light re?ection at the screen surface is much more reduced 
An arbitrary combination of the antire?ective ?lms to be 

disposed on the surfaces of lens sheet or diffusion panel can 
be used with the present Example 5. For example. a structure 
wherein an antire?ective ?lm is disposed on the surface of 
only one side of a light diifusion panel susbtrate is possible. 
Also possible is a structure wherein an antire?ective ?lm is 
disposed on the surface of only one side of a lenticular lens 
sheet substrate. It is also possible to employ a structure 
wherein an antire?ective ?lm is disposed on the surface of 
only one side of a Fresnel lens sheet substrate. A screen with 
improved brightness can be realized by the foregoing struc 
tures. 

FIG. 13 is similar to FIG. 9. However. in this exemplary 
embodiment. antire?ective ?lm 205 and 208 are not used. 

FIG. 14 is similar to FIG. 9. However. in this exemplary 
embodiment. antire?ective ?lm 202 and 205 are not used. 

FIG. 15 is similar to FIG. 9. However. in this exemplary 
embodiment. antire?ective ?lm 202 is not used. 

FIG. 16 is similar to FIG. 9. However. in this exemplary 
embodiment. antire?ective ?lm 205 is not used. 

It is clear that a variety of modi?ed examples other than 
the foregoing examples are possible within the present 
invention. For example. an optical sheet of the present 
invention can be used as a light diffusion panel for a liquid 
crystal display. Also. an optical sheet of the present inven 
tion can be used in a lens sheet comprising groups of lenses. 
each of which has an arbitrary shape. a sheet or panel having 
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projections and depressions on the surface. and the like. 
Mth these structures. the same effect as the foregoing 
examples can be achieved. Therefore. all variations that are 
within the true spirit and scope of the present invention 
should be deemed to be included in the following claims. 
What is claimed: 
1. An optical sheet comprising a sheet-like substrate with 

projections and depressions on a surface thereof and an 
antire?ective ?lm disposed on said surface of said sheet-like 
substrate. wherein a thickness of said antire?ective ?lm 
ranges from (l.27t)/(4n) to (SM/(4n). where n is a refractory 
index of said antire?ective ?lm and n is smaller than a 
refractive index of said sheet-like substrate and it is a 
wavelength of light in a visible region. 

2. An optical sheet according to claim 1. wherein said 
antire?ective ?lm is made of a polymer material. 

3. An optical sheet comprising: 
a lenticular lens sheet substrate having a plurality of 

lenticular lenses. and 
an antire?ective ?lm disposed on a surface of said len 

ticular lens sheet substrate. 
wherein said antire?ective ?lm has a refractory index (n 1) 

that is smatter than a refractory index of said lenticular 
lens sheet substrate and a thickness of said antire?ec 
tive ?lm ranges from (1 .27t.)l(4n1) to (SM/(4m) derived 
from a light interference theory. where a wavelength of 
light in a visible region is (it). 

4. An optical sheet according to claim 3. wherein said 
antire?ective ?lm is made of a polymer material. 

5. An optical sheet comprising: 
a Fresnel lens sheet substrate having a plurality of Fresnel 

lenses. and 
an antire?ective ?lm disposed on a surface of said Fresnel 

lens sheet substrate. 
wherein said antire?ective ?lm has a refractory index (11,) 

that is smaller than a refractory index of said Fresnel 
lens sheet substrate. and 

the thickness of said antire?ective ?lm ranges from (1.2L) 
Kiln?) to (57Q/(4n2). where k is a wavelength of light in 
a visible region. 

6. An optical sheet according to claim 5. wherein said 
antire?ective ?lm is made of a polymer material. 

7. An optical sheet comprising: 
a light diffusion panel substrate having a plurality of 

projections and depressions on a surface thereof. and 
an antire?ective ?lm disposed on the surface of said light 

diffusion panel substrate. 
wherein said antire?ective ?lm has a refractory index 113 

that is smaller than a refractory index of said light 
diffusion panel substrate. and 

a thickness of said antire?ective ?lm ranges from (1.21.) 
/(4n3) to (SM/(4m). where it. is a wavelength of light in 
a visible region. 

8. An optical sheet according to claim 7. wherein said 
antire?ective ?lm is made of a polymer material. 

9. A light transmission screen comprising: 
a Fresnel lens sheet; and 
a lenticular lens sheet positioned on a light radiant side of 

said Fresnel lens sheet. said lenticular lens sheet corn 
prising a lenticular lens sheet substrate having a plu 
rality of lenticular lenses and an antire?ective ?lm 
disposed on a surface of said lenticular lens sheet 
substrate. 

wherein said antire?ective ?lm has a refractory index (11,) 
that is smaller than a refractory index of said lenticular 
lens sheet substrate. and 
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14 
a thickness of said antire?ective ?lm ranges from (1.21) 

/(4n1) to (SM/(4111). where 7» is a wavelength of light in 
the visible region. 

10. A light transmission screen according to claim 9. 
further comprising a light di?’usion panel positioned on a 
light radiant side of said lenticular lens sheet. 

11. A light transmission screen comprising: 
a lenticular lens sheet; and 
a Fresnel lens sheet positioned on the light incident side 

of said lenticular lens sheet. said Fresnel lens sheet 
comprising a Fresnel lens sheet substrate having a 
plurality of Fresnel lenses and an antire?ective ?lm 
disposed on a surface of said Fresnel lens sheet 
substrate. 

wherein said antire?ective ?lm has a refractory index (11,) 
that is smaller than a refractory index of said Fresnel 
lens sheet substrate. and 

a thickness of said antire?ective ?lm ranges from (1.2)..) 
l(4n2) to (57t)/(4n2). where it is a wavelength of light in 
a visible screen. 

12. A light transmission screen according to claim 11. 
further comprising a light di?usion panel positioned on a 
light radiant side of said lenticular lens sheet. 

13. A light transmission screen for use with light having 
a wavelength (it) comprising: 

a lenticular lens sheet comprising a lenticular lens sheet 
substrate with a plurality of lenticular lenses and a ?rst 
antire?ective ?lm disposed on a surface of said len 
ticular lens sheet substrate. wherein said ?rst antire 
?ective ?lm has a refractory index (n1) smaller than a 
refractory index of said lenticular lens sheet substrate 
and a thickness of said ?rst antire?ective ?lm ranges 
from (l.27t)l(4nl) to (SM/(4m). where is (it) a wave 
length of light; and 

a Fresnel lens sheet positioned on a light incident side of 
said lenticular lens sheet. said Fresnel lens sheet com 
prising a Fresnel lens sheet substrate with a plurality of 
Fresnel lenses and a second antire?ective ?lm disposed 
on a surface of said Fresnel lens sheet substrate wherein 
said second antire?ective ?lm has a refractory index 
(n;) that is smaller than a refractory index of said 
Fresnel lens sheet substrate and a thickness of said 
second antire?ective ?lm ranges from (1.2k)/(4n2) to 
(SM/(4112) 

14. A light transmission screen according to claim 13. 
further comprising a light diffusion panel positioned on a 
light radiant side of said lenticular lens sheet. 

15. A light transmission screen comprising: 
a lenticular lens sheet; 

a Fresnel lens sheet positioned on a light incident side of 
said lenticular lens sheet; and 

a light di?iusion panel positioned on a light radiant side of 
said lenticular lens sheets. said light diffusion panel 
comprising a light diffusion panel substrate with a 
plurality of projections and depressions formed on a 
surface thereof and an antire?ective ?lm which is 
disposed on the surface of said light diffusion panel 
substrate. 

wherein said antire?ective has a refractory index (n3) 
smaller than a refractory index of said lenticular lens 
sheet substrate and a thickness of said an?re?ective 
?lm ranges from (1.27t)/(4n3) to (SM/(4%). where (7L) 
is a wavelength of light in a visible region. 

16. A light transmission screen according to claim 15. 
wherein said lenticular lens sheet comprises a lenticular lens 
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sheet substrate with a plurality of lenticular lenses and a 
second antire?ective ?lm disposed on a surface of said 
lenticular lens sheet substrate. wherein said second antire. 
?ective ?lm has a refractory index (n1) smaller than a 
refractory index of said lenticular lens sheet substrate and a 
thickness of said second antire?ective ?lm ranges from 
(1.2)~)I(4n 1) to (SM/(4n 1). 

17. A light transmission screen according to claim 15. 
wherein said Fresnel lens sheet comprises a Fresnel lens 
sheet substrate with a plurality of Fresnel lenses and a third 
antire?ective ?lm disposed on a surface of said Fresnel lens 
sheet substrate. wherein said third antire?ective ?hn has a 
refractory index (n2) smaller than a refractory index of said 
Fresnel lens sheet substrate and a thickness of said third 
antire?ective ?lm ranges from (1.27t)/(4n,) to (SM/(4%). 

18. A light transmission screen comprising: 
a lenticular lens sheet comprising a lenticular lens sheet 

substrate with a plurality of lenticular lenses and a ?rst 
antire?ective ?lm disposed on a surface of said len 
ticular lens sheet substrate. wherein said ?rst antire 
?ective ?lm has a refractory index (in) and a thickness 
of said ?rst antire?ective ?lm ranges from (l.27t)/(4n1) 
to (SM/(4m). where (1.) is a wavelength of light in a 
visible region; 
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a Fresnel lens sheet positioned on a light incident side of 

said lenticular lens sheet. said Fresnel lens sheet com 
prising a Fresnel lens sheet substrate with a plurality of 
Fresnel lenses and a second antire?ective ?lm disposed 
on a surface of said Fresnel lens sheet substrate. 
wherein said second antire?ective ?lm has a refractory 
index (n2) that is smaller than a refractory index of said 
Fresnel lens sheet substrate and a thickness of said 
second antire?eclive ?lm ranges from (l.27t)l(4n2) to 

(SM/(4n); and 
a light di?usion panel positioned on a light radiant side of 

said lenticular lens sheets. said light diffusion panel 
comprising a light dilfusion panel substrate with a 
plurality of projections and depressions formed on a 
surface thereof and a third an?re?ective ?lm disposed 
on a surface of said light diifusion panel substrate and 
characterized by having a refractory index (n3) smaller 
than a refractory index of said lenticular lens sheet 
substrate, and a thickness of said third antire?ective 

?lm ranges from (1.2L)/(4n3) to (SM/(4d,). 

***** 


